PCT 



WORLD INTBXECIUAL FROPERTY OROANlZA'nON 
intcntfilionat Buicbd 




WTERNATTONAL APPUCATTON PUBLISHED UNDER TBB PATENT COOP ERATION TOEATY (PCI) 
(51) Inteiiiatloiial Fbteot Qas^catloD ^ : 



cosjaoz 



Al 



(11) tntenational Pnblkatlon Huaiba: 
(43) btonatioDiil PdbQcatZoii Date: 



WO 98/27143 

2SlunsI99g(25J06L98) 



(21) Intenutfonal Application Namber: * PCI7US97/22S04 
(23) iDtennttaml miog Date: 34 November 1997 (24.1 iST) 



(30) Priority Data: 
60/033^ 



17 Docember 1996 (17. 1196) US 



(71) AppU^t: EXXC^ CHEMICAL PATENTS INC [USAJSl; 

5200 Bayway Drive, Baytown, TX T732O-5200 (US). 

(72) Inventors: BCKMAN, Ricfaaid, Raymond; 1071 Clayton Lane 

«SCK Austin, TX 78723 (US). DIAS. Anthony. Jay; 1411 
Green Couit, Houston, TX 77062 (US). 

(74) Agents: KUR77MAN, Myron. B. ec a); Exxon Chenlcal 
Company. PjO. Box 2149, Baytown, TX 7752^2149 (US). 



(SI) Designated States AT. BR, CA, CN. CZ, HU. JP. KR, MX, 
PU Buastan patent (AM, AZ, BY, KG, MD, RU, Tl, 
TO), European patent (AT, Bl^ CH, DB, DK, BS. FI, FR. 
QB, (31, IT, LU. Ma NU PT, SR). 



PobUshed 

H^itft inUnut&mi search report 



(54)lWe: NEW TARGBTABLE SC)UDS FOR POLYMER BI£NDS AND METHODS OP MAmJFACnnilN^ 
BLENDS COKTAINING THE SAME 

(57) Abstract 

Solid, e.;., modified filkis and curabveSp for polymen, elastomers, robbera, polyolcfins, and blends theieof, comprising a solid 
having die pot^neis. ivbbcfs. polyolefins. and clastomm of the blend or polymen, rubben, polyolefins, and elastomers compadUe whb 
the components of the blend coated or adsorbed dierem and methods of preparing the modified solids aod Mends containing the same. 



FOR THB PVRFOSBS OP mFORMATlON ONLY 



Codes used to identify Slates party to lite PCT on the 



AL 


AlbDii 


ES 


Spra 


AM 


AnDcon 


n 


Hslnd 


AT 


Anslrit 


m 




AU 




GA 




AZ 


Ambtljip 


CB 




BA 


Bosnit Bud HcizcpjnDi 


GB 


Gcofpft 


BB 




GH 




BB 




CN 




BF 




GR 


Otboco 


BC 


Bn^piB 


HV 




Bl 


Bosb 


IB 




BR 


BniB 


ft 


bnel 


BY 


Bdma 


IS 


Irrlwwl 


CA 




IT 


tuiy 


CF 


ChiitbI AlHm Rqwfltic 


JP 




CC 




KE 


Kcayi 


CH 




KG 




a 




KP 


I^jnwfUc ftjupts't 


CM 






RcpnbGc of Kcra 


CN 




KR 


Rc]iiibltf of Kttn 


CU 


Cbka 


KZ 




CZ 


Ctaifa RrpflbPc 


IC 




DE 




U 




OX 


tkuovlt 


LX 


SriLnk* 


KB 




LR 


tana 



pages of pamphlets publishing tntonatioiial api^kations under the PCT. 



IS 


Lcjutfau 


51 




*LT 




SK 


StovlUa 


LU 




SN 




LV 


Utm 


SL 


SwiziliDd 


MC 


Monico 


TD 


Olid 


MD 


RcpiUlcofMoUOTo 


TC 


Togo 


HC 




TJ 




MK 


Tt» ftmscr Yi^oftliv 


TM 




RqntbUcofMaadoaiU 


HI 




ML 


Malt 


TT 


ItiuUid fl&d TU^^o 


MN 




UA 


Ubiiae 


MR 


MssritnEi 


UC 




MW 


MaM 


US 


VaitedSwaofAnKria 


MX 


MtokD 


UZ 


Uzbtkittia 


NB 




VN 


Vet Nun 


HL 


Nothofandi 


vu 




NO 


Hon^ 


zw 




HI 








TL 








rr 








no 








BU 


Rbhiid PedtnttiDa 






SD 


Soda 






SB 


Swedes 






5G 


Shnpoi 







wo 98/27143 



FCT/D597/22504 



1 

NEW lARGETABLE SOLIDS FOR POLYMER BLENDS 
AND METHODS OF MANUfiiCTURING THE SOLIDS AND 
BLENDS CONTAINING TBE SAME 



BACKGROUND OF THE INVENTTQN 
Fidd of the Invention 

Tins invention relates to new, modified sofids, e.g. fiDers and curatives^ for 
polymen, etastomerss polyolefins, tvltbm, and blends thereof and methods of 
pq)aringthBnK>difiedsofidsandbleidscontaiiu^ Generally, the invention 

rdates to taigetable solids for addition to polymer blends; Le., solids vrfiich may be 
aistom designed to locate ttemseh^ in specific polymer componoits of the blend. 
Description of Rcbtcd Art 

Generally, sdids have been utilized and/or incorporated into general purpose 
rubber (GPRX polymers, elastomers, polyold^ia, and/or matures of the above. For 
exan^le, in the tire industry, numerous solid fillers have been proposed for rubber and 
polymer blends in order to enhance the properties of tires, for example, to decrease the 
rolling resistance of tires by modi^ong the nibber compositions used for the treads of 
tires. Ronfordng white fillas such as silica, bentonite; day, titanhan oxide; talc; etc., 
have been proposed for use in tire treads which tend to decrease the reastance to tra 
of the tires having a tread con5)risapg such fillers. Various fillers and processes for 
blending the same into rubber compositions have been proposed. For exarqjle; 
Rauline, in US. Patent No. 5,227,42S, desoibes the use of a copolymo' of a corru- 
gated dioie with an aromatic vinyl compcHind prq)ared in sohition vnth a spedal silica, 
kncfwn perse, to obtain dispersion of the alica in the elastomoic matrbc 

Raines, ei aL, in U.S. Patent No. 5,017,630, desoibe an aqueous dispersion of 
silicone dioxide nuxed with an emulsion latex polymer vMA is ^ray dried to achieve 
fiw-flowinft fine-sized partides of the polymer containing very Ugh amounts of the 
fliicone dioxide thoeia 
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MonKdcowski, ia US. Patent No. 5,162,409, describes a nMxr coiiq)ositios 
suitable for use in automobfle tire treads wheran the conpostioii coniprises a 
halogenated iscdnitjjm nitto which can be the 

of a comUnatioQ ofiubbeis. Aprefenedenibcdimemcoinprisesanibberc^^ 
oon^mai^ 20 to 60 wdght pen»t styrene/bu^ 

txitadieoe nibbe; and 10 to 30 weight percent of a halogenated rubber, a alica fiDei; 

andanoiganosIaneaoss4inkipgagatL ItisdisdosedthatinaprefmedembocEment, 

the rubber oompoations comprise 10 to 30 parts per 100 paits rubber of untreated, 

precipitated sOica employed with an effective amount of oiganoalane coupfing agent, 

for example; 1 to 8 parts per hundred rubber. 

Preferably, the filler rdnfbrces aO phases, Le., the polymeric phase of a blend, 

and curir^ can be controlled for each polymer phase component of the blaid. 

However; it is ofien discovered that the filler migrates fiom one polymer phase 

componoit to the <rther polymer phase conjponoit during piocessii^ Consequently, 

these efi^ greatly fimrt the enhancement of propeities that can be aclneved with 

fillers, and the curing and cure state of artides made therefiom. 

Generally, polymer blaids, eg., those used to produce tires, are often 

CTOSsHnked. It is known that the physical properties, performance characteristics, and 

durability of vulcanized rulto con^xjunds are directly re^ 

density) and type of croslinks formed during the vulcanization rcactioa (&e, eg:. The 
Port ViilraniTatinn f^tehiTiTarinTi % Tjp W.E Kelt, BJl To & W.W Paris, Rubber 

mrH August J991, pp. 18-23 which is incorporated by reference heraa) GenaaDy, 
polymer blends nuy be crosslinked by adding curative moIeculeSi for example sulfur, 
mc, m^als, radical hiitiators, etc. followed by heating. This method may be 
accderated and is often used for the vulcanization of elastomer blends. Themecharasm 
for accelerated vulcanization of natural rubber involves complex interactions b^een 
the curative; accelerator, activators and polymers. Ideally, aO of the available curative is 
oonanned in the formation of effective aossfinks which join together two polymer 
chains and enhance the overaO strength ofthe polymer matrix. Numerous curatives are 
known in the art and indude, but are not limited to, the foOowing: zinc oxide; stearic 
add, tetramdlqWmirara. disulfide (IWTD), 4,4'Hdithiodimorpholine (DTDM), 
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tdzabutyithiunm disulfide (IBTDX benzotiuazyl disulfide (MBTSX hexBrneiliiyks^ 
1,6-bi.sthiosulfite disodium salt dihydrate (ERP 390), 

2*<mQrplK>ltnotlilo) benzotiuazole (MBS or MORX blends of 90% MOR and IV/o 
MBTS (MOR 901 N-Qxydic%iene thk>caibaniyl-NK»ydie%la^ suUbnamide 
(OTOS) anc 2-€diyI hexanoate (ZEHj^ and MC sulfiir la addition, various 
vdcanizadonsy^ems are known in the art (For examplcL see Fonnulation Desipi and 
Curina Characteristics of MBR Macs for Seals, Rnhher World, Septente 1993, pp. 

2S-30i^btncorpcHatedt9 reference A posaUe major problem whb these 
methods of cn)ssliiiking is often the concentration of the curative molecules in some 
phase or phases of a bleed b insufScknt for good oossOnldng due to nugration or 
partitioning of the curative molecules between the phases of the blend during the 
nujdiig or blendrig process. 

Therefore; there is a need for a n^thod for the complete curing of polymer 
blends, elastomen. etc. ^dmtn the concentration of curative in eadi polymer phase is 
predictable and controllable. There is also a need for a method for the piqiaration of 
mechanical blends of filled pcdymers, elastomers, etc. in which the concentration of filler 
in each polymer phase component is predictable and controllable. 
SUMMARY OF THE INVENTION 

According to one aspect, the invention is directed toward a method for the 
prqwration of a taigetaUe solid, Le., a fiDer for addition to a rubber composition or a 
Uend of at least two polymeric components. The method, acconfizig to one 
embodiment, conqnises contacting or treating the filler wth the polymer component of 
the blend having the least a£5nity for said filler as compared 
conf)onents, and thereafter contactir^ said first polymer treated filler whfa a second 
polymer component haviiig a greater afiBnity for the fiUer. According to another 
embodiment, the filler contacted with the polymer conqxmeots is fiirther subjected to 
thermal curing under nitrogen atmosphere It should be recognized that the invention is 
also directed to m^hods wherrin the filler is contacted whh a polymer or polymere 
whi(A is/are not the same as either of the polymos of the blend bin are com^^ 
generally misal)Ie; with one or both ofthe polymers of the blend. The invention is also 
directed to a filler produced according to the above-described methodi 
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Aooordti^ (0 anoiber aspect, the inveatbn u 
piq)aratioa of a fiDed bleod con^mang polymer titated fiDer and potymer(s) Uend 
components to produce a Mead. Tlie polymer blend con^mses two or more pol^ 
components with the treated fiOer dispersed tfaroughouL Hie method coaqnises 
5 oontacttng or treating tte fiUer whh a minor anKmnt of a polymer, ^di may, eig., be 
the first ^component of the polymer blend. AcooidiDg to one embodimeat of the 
invention, the first polymer has tte least aflSnity for the filler as compared to ofter 
polynsr for treatment of the fiDer The filler, including said first polymer, is 
subsequently contacted with a onnor amount of a second pclymer having a greater 
10 affimty for said filler than said first polymer. Thereafio; the coated filler is mixed with 
the polyma(5) for forming the blend. The invention is also directed to a filled Uend 
produced according to the abov&desoibed methods. 

According to a fintl^ aspect, the invention is directed to a filler, eg, a partide^ 
for addition to a polynner comprising a first polymer and/or a blend of a first polymer 
15 with a second polymer. The fiDer has a coating thereon comprised of at least one 
polymer compatible with at least one of the blend poIymer(s) or, a g., at least one of the 
first or second polymer blend conqxuients. 

According to a stiO fiirther aspect, the invention is directed to a filled bl^ 
oon^nising a polymer blend comprising at least two polymers and a filler, said filler 
20 having at least one polymer compatible mth at least one of die polymer blend 
components coated thereoa 

Ihe invoition, according to another embodiment, is directed to methods for 
crosslinking polymer Mends con^iisii^ The method generally 

comprises pretreating the solid with a curative^ mixing the pretreated solid with the two 
25 polymers of the bloxl to forni a curable polymer nuxture, and subjectu^ the blend to 
oaring conditions, sudi as suflSdently heatii^ the mbct^ 
curing 

The m^hod of formitiig a soEd conqxrising curath^ may, aocorfing to an 
embodiment, be accon^lished by precipitation of a polymer fiom a sc^on comprising 
30 curatwe molecules, wherein the curative is the sole soBd. According to a fiirther 
embodiment, the m^hod of forming a soGd comprising curative comprises adsoiption 
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of curative molecules onto an iaert solid, isolation of the solid, and adsoiption of a 
polymer cHito tte curative treated sotii According to a fiirther embodiment, the 
n^hod of fiinniiig a soGd cooqmapg curative may conqmse adsorpticm of a polyn^ 
coating onto curative particles. According to a still fiutheremixxiiment, the mediod of 
fi>rmn^ a soEd conpiang curative a)rx^mse mixing 
a mixture; and adsorbing a polymer onto the mixture: 

Acooiifii^ to a stiO fiirther enobodiment, the present iii^ 
polymer blends produced acconfing to the above^Iescribed methods. 

The present invention is finther directed to curative precursors used in 
oosslinking polymer blends, said precursors produced (l)thepreqpitationofa 
polymer from a sohition comprising dissohred or suspended curative molecules; (2) 
adsorbing curative molecules onto a soOd, and adsorbing a polymer onto the solid; (3) 
adsorl»ng a polymer onto curative particles; or (4) nmdng or grimiing curative 
molecules tog^her with an inert soGd to form anuxture; and adsorbii^ a pdymer onto 
thendxture. The irn^on is also directed to methods for niakii^ curative molecules 
DETAILED DESCRIPTION OF THE INVENTION 

According to one embodiment, the present mventioQ provides a composition 
based on a nuxture or blend of rubbers, elastomers, polyolefins, polymers, eta 
oimpiTsing a polymer blend or mixture and a solid The solid may, for example; be a 
fiDei; su(^ as silica, ^^dierein the filler has c^ 

one or more of the conqx>ncnts of the polymer phase. According to another 
en^xxlimeDt, the soEd may be pretreated with a curative . 

Rubbers, polymers (thermoplastic themioset and mixtures thereoO, elastomers; 
ami polyolefins and products produced therefiiom uscfid in the practice of the invention 
inchide; but are not limited to, bnmnnated butyl rubber (commonly called bromobutyl 
and as used herein, the term "butyl rubber" n^ans a copolymer of isobutyiene and a 
diene sudi as isoprene); chlorinated butyl nibber (commonly called cHofobutyl where 
isoprene is the diene copolymerized with isolni^ene); star-tianched polyisobutyleie 
conqirisirQ branched or star-shaped polyisobutylenc subunits; sudi as star-brandied 
bromobutyl; isohitylene-bromometfiylstyrene copolymers such as isobut^ene^ara- 
bromomrthylstyrene, ispbutylene/chloromethylstyrece copolymers sudi as 
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isobut^ene/parardilcTOinAlQistyi^ and the like halomethylBted aromatic 
tnterpol^nm disdosed in US* Patent No. 5,162,445 ^cfa is hodjy incoiporated by 
reference; isoprene. and halogeoated isobut^eoe copolymers (diloiiDated or 
bioimnated); polychloiopiene (oeopreneX and tiie Gke, and nuxtures thereof 

The invention is also prefefabiy directed to blends compria^g halogeoated 
isobu^ene lubbers incfaufing halo^nated terpolymers comprising isobut^ene such as 
halogenated isobutylene^styrenc/cfienes, for exan^le^ isobutylene/^yrenefisopraQe; ami 
halogenated isobut)4ene^m^hy4styren^dienea, for example; 

isobutylenetortlylstyrae&oprene; isobu^ene/halomethylstyrcneWienc terpolymers 
imiudiDgisohi^^ef^romomethyl^^ isobu^ene/haloisobutylea^dieQe^ 
indudiiig isobutj^ene/bromohitylenc^piene; and the Dke; and mixtures thereof with 
other hak^geoated isobutylene lubbcfs. 

Other elastomers usefol in the invention indude: polybutadiene; BR; styrtne- 
butadiene nibbcr, SBR; nhrile^wtadicne niW>er, NBR; natural rubber, NR; 
polsrfsoprcnc^ IR; and cthj^ene-alphaolcfin dastomcrs Bice ethylene-propylene rubber, 
EPR. 

Thermoplastics usefol in tUs invention inchtde polyeth^ene; polypropylene; 
polystyrene, pofycarbonate, and i^a 

FiDerswUdi can be utilized in the padice of the present invoition include; but 
are not limited to, silica, pumice, bentonilc, clay, titanium owde, talc^ calcium 
carbonate, higji styrene resins, couraarone-indene resin, phoiolic rean, lignin, modified 
mdamine resins, and petroleum rcans. The fillers of the present imrention may be any 
aze and ^icafly range; e.g., in the tire industry, fiiom about 0.0001 to about 100 
microns. As used herein, silica is meant to refer to any type or partide size silica or 
another silidc add derivative; or sDidc add, processed by solution, pyrogenic or the 
Gke methods and having a sur£u» area, including untreated, precipitated alica, 
oystalline alica, colloidal alica, ahiminum or caldum alicates, fiimed alica, and the 
likei . 

The curath^es usefid in the practice of the present invention generally include 
onath/es used in the rubber industry, e.g., aiffijr compounds, zinc conqxHmds; metal 
conq)ounds, radical initiatprs, etc. and include; but are not limited to, zinc oxide; stearic 
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add, t^ram^hhhiram disulfide (IMIDX 4,4*-<fithiodimorpholiae piDMX 
teUBbutytthhiram disulfide (IBTD), benzotldaz^ disulfide (MBTSX hexametfa^eQ&- 
l»6-U^osul&te disodium sah dtbydrate (ERP 390), 2-(ax>iphofim)tluo) benzotlnazole 

or MORX blends comprisipg 90»/o MOR and im MBTS (MOR 90X N- 
o^dietb^ene thiocarbamyl-N-o)^etli^eae sulfooanude (OTOS) zinc 2-etbyl 
hcxazmate (ZEHX and MC sulfiir. 

The composttions produced in aoooidance 
contain other ccmiponents and adcfitives customarily used in nUbet mixes; such as 
plasticizers, pgments; anti-oxidants;, vulcanization aocderalors; napthedc or aromatic 
extecdo' oils if the preseoce of an extensbn oil is desired, aitd silane coupling agents, 
etc. 

In a preferred embodiment, the polymer blend is comprised of a blend of two 
coriqx>nents, for example; polybutadiene and a brominated copolymer of isc^ene and 
4-metfa3^styreoe or pdynters conq>3til>le 

of isobutene and 4-metlqistyreneL Preferably, the fiOer utilized in the above^lescribed 
pt^emd embocfiment is alica havit^ co-adsoibed thoeon minor amounts of 
polybutadiene and brominated copolymer of isobutene and 4-mediyIsfyrBne. 

In accordance with the practice of the present invention, a m^hod is provided 
fi}r the preparation of filler for addition to a blend of at least two polymer components 
selected fi:om the group conasting of elastomers, rubbers; polyolefins, polymers and 
nuxtuies thereof In accordance; a pcfened embodiment of the invention before 
blending the filler with the polymer bleod component(sX the fiOer is contacted with a 
minor amount of the polymer component v^ch has the least affinity for the fifler as 
conq)ared to the other polymer components to form a stable sur&oe saturated layer, 
llie tUdboessofthebyerniay be varied by varying adsorption conditions. Dqwnding 
upon the filler and the polymer(5X the adsorption time may rar^e fiom about one 
second to seveni hoursL It should be noted that dq)endii^ upon the polymer, different 
solvents may be utilized induding, but not limited to, aliphatic and aromatic so^ents 
tike pentane^ hexane; and tohjene. The adsorption may be conducted at low 
temperatures, eg.,.-4(P C ^toe the amount of polymer to be adsorbed is large, to high 
temperatures, eig., up to 200°0 C the an»unt of polymer to be adsort^ 
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For example; as fiirther described bdow, wbeo a polymer bleod is coitf rised of a 
brominated copolymer of isobutei^ and 4-m^hylstyrQie and potybutadieoe; the fiDer, 
e.g^ aEcBi is preferably first contacted with a minor annxint of the brondaated 
copolymer of isobuteoe and 4-meth^styreQe. This copolymer has less afiSm^ fi)r said 
5 finer as conpred to the polybutafoie. As used heron, the. tenn 'minor ammmt* 
means in an amount sufficient to provide a stable suffice saturated I^er on the fiUer 
After contacting the filler with the brominaied copolymer ofisobutencand 
4-methylstyrei^ preftrably fornnng a laya 

surface the fiflcr is contacted with a minor amount of the second component of the 
polymer Uosdand/or the polybutadiene. In this manner, a filler is provided ^ch wiU 
not completdy migrate fiom the brominated copolymer of isobutoie and 4- 
m^hyisQ^rene during the blending of the two con^nents of the polymer phase. 
Preferably dq)eodiqg upon the an>lication, afler the filler has been contacted with the 
polymer blend components, the contacted fiDer is subjected to curing conditicms such as 
to heat or thermal curing under a nitrogen atmosphere at tcn[q)eratures ranpug from 
about 60* C to about 120«»C. 

In order to determine which polymer has the least affinity for the filler as 
compared to the other polyn», it is usefid to measure rates of competitive 
or co-adsoiirtion of polymers; etc. onto solid particles. For example; to drtemine 
whedier the brominated cqwlymer of isobutcne and 4-mdhylstyrene has a greater or 
weaker affinity fi)r the fiDer as con^iared to polybutadioie; the following test is 
performed which may be modified in accordance with that vMdb is wefl-known in the 
art fi)r other polymer phase component systems. SpedficaDy, the exchai^e of 
elastomers on a alica fifler was measured using a practical and rapid mrthod comprising 
solid me H MAS-NMH This method allows the possibility to monitor and rank 
polymer intmctions with soli d fillers by measuring the exdian^ 

Tlie exdiange was performed fiom both directions, that is, adsorbirig fiom 
solution the braninated copolymer of isobutene and 4-methylstyrene (hereinafter 
"hronunated copolymer^ first and then placing the brominaied copolymer-loaded silica 
fiDcrintoasohitionofpoVbutadieneamlw(»perw. He polymer-loaded filler sample 
remained wet with so^eryt, e.g^ one weight percent sohition of pentane, during tte 
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traosfer to a solution, eg., one wd^ percent solution, of the second polymer. After 
exposure to the sohition of the second polymer for a time interval, a sample of the 
polymer-toaded filter was removed and washed in an excess of sohoL Tbs 
oon9>osition of the resuhiqg soh^ was momtorod by solid state H MAS-KMR winch 
was used to measure the ratio of oi» polymer to another. Diis quantity can be 
meaaixedpredsefy without any other stendaids. The total polymer conqwsiticm was 
dctennined by carbon elemental anatyas^ and polymers in tte same molecular wei^ 
wereused. 

Tlie resuhs of the exdiange expeiimem in wfaidi the brominated copol^^ 
loaded first are shown in Table 1. To summarize, the polybutadiene rapidly fq)Iaced 
somc,butnotaUofthebrontinatedcq)dlymer. The feet that some of the brominaled 
copolymer was exchanged can be oonchided by comparison of the donental and H 
MAS-NMRanal^ as follows: ifaIlihecaibonwd^^ofSanq)le3 iqjresented 
adsorption of polybutadioie, then the Sample should be only [100 x (6.5-3.7) divided 
by 6.5] equals 43% polybutadiena Since there was a much greater percentage of 
polybutadiaie than 43% in Sample 3. polybutadiene had r^laced some of the 
dominated copolymer. Most of the bronrinated copolymer, about 65% of the initial 
anKHmt, was exdsnged 
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TABLEl 

Exchange ofBrominated Copo^ner-Loaded (EXXPRO*: broimoated copoiymer of 
is(4niteneaiid4HnettgrislyrGney HiSa 233 (9fica)\vhhPdybiitaifiene(Budene 1207) 



Sample 


Conpoation* 
byMAS-NMR 


lime for Second 
Adsoiptioo(E]r) 


WBglit% Carbon 


1 


100>/oE 


0 


3.7 


2 


67%B 


0J5 


6.7 


3 


76%B 


24 


6.5 



Brominated polyfisobutyIene-c(>4-ine%lstyrene) containing 7.5 wt% 
4-mcthylstyrene and 2 wt% havipg a Mooney viscoaty ML(l+8) 1 25" of 



45^ 

♦ E= EXXPRO* 90-10 (BiDiranatcd Copolymer of Is<^ 
melhytoyrenc) B= Budenel207 (Polybutadieoe) • 

The results of the exchange experintent in which polybutadiene is loaded first b 
shown in TaUe 2. No H MA&-NMR sgnals for the bronmiated copolymer were 
obsen^ in the samples. Thus, no cxdia^ge of adsoibed polybutadiene by the 
hrominated copolymer occurred. 
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1ABLE2 

Exchange of PolybutadieQe (Bude&e 1207>-Loaded Slica (HiSO 233) 
with Biomioated Copolyiner of bolHttene and 
4-MedjytoyreDe (EXXPRO* 90-10)' 



Sanq)le 


ConqwsitioD* 
byMAS-NMR 


Tmte for Second 
Ad$oipt>on(Hr) 


Weight %Cari)oa 1 


4 


100% B 


0 


6.0 


5 


100!«B 


0^ 


5J9 


6 


>94%B 


24 


5.8 



Brominated polyfisobutylene<o-4-raetfq^^ containing 7.5 wt% 



and 2 wt% having a MxnKyviscoaty ML(l+8) 125** of 

45^5 

* B= Buda^l207(polybutadiene) 

As a resuh, it can be stated frwn the above that Budenc 1207 (polybutadieitt) 
tends to have a greater aflBWty or interaction with HiSil (silica) than does EXXPRO* 
90-10 (brominated copolymer of isobutene and 4-methylstyrene). 

Polymer bloids exmpi^/ing the present invention and analytical data 
supporting the same arc set forth bdow. The examples iUustrate that the modified or 
coated alica filler is weD diq)ersed in a blend ofbrominatcd copolymer of isobutene and 
4-mtthj4styrene and polybutadienc elastomers, whereas a convOTtional silica fiUer is 
not 
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EXAMPLES I fComparativel & U 

^rSBld is the control m wtnchEm 
5 (70 phr) and conventional HiSil 233 (30 phr) are blcDded by mtfling together. The 
dq)efson of the sQica finer can be detected by scanning electron maoscofy. Hie 
scanning electron miooscopy showed that the conventional alica fiDer was not found 
to be present in the EXXPRO^ phase of the blend. Coated alica used in tUs exanqde 
was prepared by sdntng for 30 nmmtes a suspension of 100 g.^ 233 ii) a 0.S wt% 
10 polynter m cydohexane sohition. The coated filler was removed and wa^ with 
cydohexane three timesw On the other hand, vAm the modified silica filler of the 
present invemion is used to niake a similar bkn4 as in Example n, the n^ alica 
fiUer of the presem invendon is found to be weQ dispersed in the EXXPRO* phase an^ 
the Budene phase. 

1^ Example n: Modified silica GUer was prqpared by adsorption of polyC^ 

firom dihxte sohition 0.S% polymer in cydohexane, with vigorous stirring at about 22® 
C for s^yproxtmatdy I hour. Ihe coated alica was washed three times in cydohexana 
The wdgjrt percent carbon ofthe product was 6.18%. TTic above^escribed product 
was then subjected to heat or thennal curing under a rutrogen atmosphere at 

20 tempmturcs rait^ fiom 60* C to 120* C for 60 mimites. The polyisoprene layer 
wasextensvely crosslinked because polyisoprene signals of the adsorbed polyisoprene 
layer were no loi^ observed in the solid state NMRspectruia Crosslinked coatiiigs 
formed in this example are stable to exdiange by other polymers inchiding polar 
polymers with a high affinity for the fiDo- tike NBK These coated fillers wiO be 

25 primarily found in the polyisoprene regions when used in blends of polyisoprene and 
NBH 

Hie present invention also rdates and generally applies, e.g,, to various curing 
or vulcanization systens inchiding, but not limited to, conventional sy^ems 
(polysulfidic crosslinks produced by sulfiu' system); conventional systems with post 
30 vulcanization stabilizers, e.g., dihydrate of the sodium sah of hexamethyle»e-l, 6- 
bisthiosul&le-s-esto; EV systems (low concoitration of sulfiir and high concentration 
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of an oigaiiic aoodoator); suHuriess or sulfiir donor systems {wag for example; 
IMTD); Semi-EV (jntennediate syston between conventional ami EV systems); 
Sduble EV and Soluble Semi-EV systems; and the EV System of Hofinann 
(oomhmation of sul&r donors, like IMID and DTDM, in cozyunction with 
suI&namide(OTOS). 

Ilie curative pecursors of tte presait invention are gene 
soIidoontatimigoroom{msii%cuFativ& llw curative precursor ofthe present invention 
may be foraied by, eg^ the fWlowing methods: (1) prcdpitation of a polymer fiom a 
solution contaming dissohred or suspended curative(s); (2) adsorption of curative(s) 
onto an inert solid, eg., alumina or siOca, followed by isdation of the curative-loaded 
scM, and adsorption of a pdymer ooatiiig to the sur&ce of the loaded sofid; (3) 
adsorption of a polymer coating to the suifice of curative partide^ or (4) uwdng 
and/or grincfing togedior cur8tive(s) with an inm solid, followed by adsorption of a 
polymer coatipg to the surfioe of the resuhir^ solid curative mixture^ Hie polymos 
useGil in the preparatioa of the curative precursors of the present invention may be 
con^Hised of tfie same polymers of the blend andfer polymers con5)atible with one or 
more polymers of the blend. The term "compatible" as used heran means generally 
considered misdUe. 

While the following discusaon is in terms of a sii^e embodunent, it. is 
undemood that the scope ofthe invention shaD not be linutedthereb^^ Inaccordance 
witfi the practice of Oie present bivention, a mdbod is provided for the preparation of 
oirative precursors for addhion to a blend of at least two polymers sdected fix)m tiie 
gnwp conasting o^ for example, but not limited to dastomers, ixibbers; polyolcfins, 
pc^ymers and mixtures tiiereoC In accordance witi) the present inventiori, a curative 
loaded solid or soEd curative is, according to one embodiment, contacted witii one of 
the polymers of the blend andfor a polymer compatible with one or bott) of ti» 
polymers of ti^ blend and tiie polymer is adsorbed onto the surfice of the curative 
loaded soHd or sofid curative. According to a prefened embodiment, the soHd curative 
preoirsor is contacted with a minor amount of U» polymo* of the blend which has tite 
"least afiSnity" for the curative sofid as compared to the otito- polym^ 
form a stable surfece saturated layer, eg, whidi preferably is not removed by ariy 
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subsequent solvent extractions. The thickness of tte layer may be varied by vaiyii^ 
adsorption condhions. Dependii^ upon the sofid utilized to form the curativ^loaded 
solid and tfte polymei(sX the adsoiption time may raqge from about one second to 
several hours. It sbcmid be noted that depeocfing upon the polymer, difioient solvoits 
5 may be utilized including; but not limited to» aliphatic and aromatic soKents Eke 
pentai^ hcsane^ and tohiena The adsorption may be conducted at bw temperatures; 
eg., -40^ C \«toe the amomit of polymer to be adsorbed is large; to hi 
eg^upto200^Ci»dienAeanKmntofpolymertobeadsoTbedissn3a]L Forexample; 
as further described beiow» when the polymers are brominated copolymer of isobutene 
10 and 4-n^iiylstyreoe and polybutadtene; the curative k>aded aHca soEd, is peferably 
first contacted with a nunor amount of the hrraiinated cqx)lymer of isotaitene and 4- 
metfaylstyrene. Tins copolynoer has the least afSnity* for said loaded solki as coiq 
to the polybutadiene: As used herein^ the tenn 'minor amount" means in an amount 
suffident to provide a stable surfice saturated layer on the filler. After contacting the 
cuiative-Ioaded soEd with the bronnnated copolymer of isdxitene and 4-meth^siyiene; 
prelerably formii^ a layer by the adsorptbn of the same onto the curafive4oaded sdid 
sur&ce, the cur8tive-k>aded polymer coated sofid is contacted with a minor amount of 
the second polymer of the blend and/or the polybutadiene. In this manner^ a precursor 
is provided vAidt wiD not oompletdy migrate torn the brommated copolymer of 
isobutene and 4-mdl9ds^rene during die blending of the t^^ Preferably, 
dqjendiiig ufM the appEcation, after the curative loaded soEd has been contacted with 
the polyiners of the blen4 the curative precursor is sutyected to heat or thennal curing 
under a nitrogen atmo^here at temperatures ranging fiom about 60*^ C to about 120° 
C. 

In ordo- to determine wMch polymer of the polymer blend has the "least 
affimty" for the solid conq)risirig curative as compared to the other poiymer(sX it is 
useful to measure rates of conq)etith^e adsorption or co-adsorption of pdymers; etc. 
onto soEd particles. For exan^le; to determine whether the brominated copolymo' of 
isc^njtene and 4-meth]i5tyrene has a greater or weaker affinity for the curative-loaded 
sofid (which later forms the curative precursor) as compared to polybutadiene; the 
foUowir^ test is f&fojvnoA wUch may be modified, if needed, for other polymer 
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systeoas. Spedficafy, the exciiaqge of dastomers on a soEd precursor xn^ be 
measured us^g a practical and rafrid method compisi^ solid state H MAS-NMR. 
This method albws the posaMhy to immtry 
by measuring the exchange. 

Acoonfing to (Hie embocfimeot of the m^bod of the inveotior^ the curative- 
loaded, first polynKT-ooated sdid of the precursor is kept with soKent, e.g., one 
weight percent sohitbn of pentane; during transfer to a sohition, e.g.. one weight 
percent sohition»ofthe second polymer. After e9q)osure to the sohition of the second 
polymer far a time mterval, a sample of the polymer-coated precursor diould be 
removed and washed man excess of solvent Ihe composition of the resulting sohrent 
may be mcmitored t>y solid state H MAS-NMR vMA can measure the ratio of oi^ 
polymer to another. This quantity can be measured pedsely without ariy other 
standardsw The total polymer co^^x)ation m^ be detemihed by carbon elemental 
analysisL 

After the curative precursor is prepared, it is nnxed togoher mth the pol^^ 
of the blend. The required mixing and heatii^ varies as a function of the poiynm 
utilized, the curative precursor, and the operating conditions employed by the person of 
ordmary skiO in the art» the essential fictCH* being conq>l^e and excdlent disperapg of 
the curative precursor. T1ierefore,dependiiig upon the devices utilized (like Ba 
mixers) to effect the mixing; the time may vary and may be d^enni^ 
ordinary skill in the art on the baas of his/her general knowledge and control of the 
properties of the cooqxiation used in the particular appfication, e.g., in the fbnn of tire 
tread, knowing, e.g., that it is advisable to maxinuze the ratio of the 300% elongation 
modulus to the 100% elongation moduhis for each compoatioa This, the 
thennomechanical wcnk can inchide only a sipgle stq> of suitable duratioii, temperature 
and intensty, or h can include several stq>s which cari, if desired, be separated by at 
least a cooling stq). 

The final heating step of the method of the present invention is generally carried 
out uang typical procedures known to one of ordinary skffl in the art for ciosslinking 
and omng po^mer blends. In any evem, the blend is heated suflSdently to obtain 
aosslinking, i.e., cure of the blend. 
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Ahhou^ the invention has been iDustrafed by typical exan^es; it is not fiouted 
thereto, Qianges and niodificationsoftheexanq)les of the invention her^ 
purposes of disdosure can be nuide wtich do not constitute 
and scope of the invenlioa 
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CLAIMS 

1 . A method for the prepaiatioo of a taig^e sofid fiur addition to a polymer 
bleod of at least two polymen; said mediod conqm^ 

treatiqg the sofid with al least a first polymer 
thefeafter, opticmaDy tieatii^ said tieated 

polynKr haviiQ a greater aflSnity for the solid than said 
first polymer. 

2. Themediod of daim 1 further cornimsi^g the step of heating the sofid after 
ooiitacting the sofid with the first or second poiymer. 

3. Hie method of daim 1 wherein the sofid is a fiOer and is selected fiom the 
group conasting of afica, bentonite; d^, titanmm oxide; cddum carbonate; 
figoin, talc and ream 

4. Tbeiri^hodofdahn3vtdiereinthefiBerispretreatedwi^ 

5. Hie m^bod of daim 1 wherein the polymers are sdected fi:om the group 
consisting of thennoplastic and thermos^ polymers; and noixtures 

6. The method of daim 1 vrfwrin die polymers are polybutadiene and a 
halogenated copolymer of isobutene and 4-m^hyistyrene. 

7. A s(^dtaigetablefiUerpn)duced according to the method of daim 1. 

8. A sofid taigetable curative produced according to the method of claim 1 or 4. 

9. A method for the preparation of a polymer blend comprising a sofid, two or 

more polynms, wherein said sofid is dispersed throughout at least one pol^ 
blend component, said mettod comprising: 
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ooQtacdqg said sofid with a nsnor amount of at least a first 
poiynier having aSboty for said soEd. and 
ttenafter, optionally oontadipg said contacted sofid with a 
nunor amoint of a of a seooiid potynier having a greats 
3 for said sofid than said first polymer, and 

imxit^ the contacted soEd with polymer^ 
a polymer bleed. 

10. Tbe method of daim 9 fiuther conqiri^ the stq) of heatii^ the solid afia 
^0 being contacted with the first or second polyma- bdbre mbdng the soHd with 

the poiymei(5) components to form a polymer blend. 

11. The method ofd^ 9 ^K^ieran the sofid is sdectedfim consisting 
of d^, filica, bentonite; talc^ calcium carbonate; Egmn, resinss and titanium 

15 oxide. 

12. The oftethod of dahn 9 ^^Aerm the polymer bleml con^nents art selected 
fiom the group conasdsg of ttomoplastic and th^mos^ polymers, aiul 
mixtures thereof. 



20 



13. 



The method of daim 9 wherein the polymer for contadiiig with the solid 
coaq)nses polybutadiene and a bn»mnated copolymer of isobuteae and 
m^fa^styrene; and the sofid comprises a filler. 



25 14. The DKthodofdaim 13 wherein the fitter is prdreated with a curativa 
IS. A bknd produced according to daim 9. 



16. 



A bloid produced accordii^ to daim 10. 
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17. A polymer bleed compriaiig: 

a first poiymo- bleod compoasxA and at least a second polymer blad 
oQiqxmeit and a polymer treated solid, whetein the solid is treated 
with at least one polymer. 

18. Ibe polymer blend of daim 17 i^^^ieretn the sofid is treated vn& at least two 
polynm 

19. Hie blend of daim 17 vAtmiR the polymer blend conqionents comprise 
polybutadiene and a brominated copolymer of isohitene ami medi^ 

20. llieUend of daim 17 wherein the solid comprises a fillet 

21. TheUend of daim 17 or 20 wherein the solid is treated with at least one of the 
polymer blend components. 

22. Hie bknd of daim 17 or 20 vAtenin the solid is treated with two of the 
polymer Uend components. 

23. The blend ofdann 20 \dKrein the filler is pretreatedwhh a curative 

24. A method of curing a polymer blend of at least two polymers; said m^hod 
comprising: 

subjecting the blend of claims 20, 2U or 22 to curing conditions. 



25. Tte method of daim 24 whron the polymers of the blend conqmse 
polybutacfiene and a bnmiinated copolymer of tsobutene a^ 
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